Abstract-Results on the suppression of stimulated Brillouin scattering in highly non linear fibers with both germanium-and aluminum-doped cores based on spooling the fiber with a linear strain gradient are compared and presented.
I. INTRODUCTION
A serious limitation in many applications of Highly Non Linear Fibers (HNLF) is Stimulated Brillouin Scattering (SBS), which limits the amount of power that can be launched into the fiber. This, in turn, limits the maximum nonlinearity that can be obtained from a HNLF, which scales as:
, g n P L B 2 , th eff ∝ γ (1) where γ is the nonlinear coefficient, L eff is the effective length, P th is the threshold power required for the onset of SBS, n 2 is the nonlinear refractive index, and g B the Brillouin gain coefficient of the fiber. (1) is often referred to as the figure of merit for SBS limited HNLFs [1] .
Several methods have been proposed for increasing the SBS threshold: applying a linear or stepwise temperature gradient along the HNLF [2] , a linear or stepwise strain gradient along the fiber [3] , and finally doping the core with aluminum instead of germanium [4, 5] . In this paper we will report on the effect of straining on both Ge-doped and Al-doped HNLF.
II. RESULTS
SBS suppression by straining the HNLF is obtained because the SBS gain peak is shifted in wavelength when the fiber is strained. So, by spooling the HNLF with a linear straingradient along its length the SBS gain spectrum can be broadened and the SBS threshold consequently increased. A drawback of applying tension is that the tension also changes the dispersion properties of the HNLF. The measured effect of spool tension on both SBS shift and dispersion for a 125 μm cladding diameter Ge-doped HNLF is shown in Figure 1 . A change in SBS shift of 290 MHz/% and a change in dispersion of -0.65 ps/(nm·km)/% is found (using that a 1000 g fiber tension gives a fiber elongation of 1.1 %). This is in good agreement with the findings of Takahashi et al., who found a change in SBS shift of 340 MHz/% and a change in dispersion of -0.7 ps/(nm·km)/% for a germanium doped HNLF with a 50 μm cladding diameter [6] . A 300 m HNLF module has been made on a spool with 200 mm core and where the tension is linearly ramped from 1000 g to 0 along the fiber length. The measured Stokes spectra before and after straining are shown in Figure 2 . It is observed from Figure 2 that the SBS spectrum is broadened by a factor of 8.5 from a FWHM value of 34 MHz to 290 MHz. It can also be seen that the straining remains stable over the 1½ month period between measurements. When comparing the spectrum for the strained fiber with the spectrum for the unstrained fiber in Figure 2 , with the relation between SBS shift and strain shown in Figure 1 , it seems that the tension is effectively only ramped between 1000 and 150 g. A summary of all measurements on the strained and unstrained Ge-doped HNLF as well as an Al-doped HNLF [5] is presented in Table 1 . The SBS threshold (P th ) is defined as the input pump power where the reflected power is equal to 1% of the input power. Stokes spectra before and after straining of 179 m Al-doped HNLF is shown in Figure 3 . It is observed that the change in SBS frequency shift due to straining is the same (190 MHz) for both the Ge-doped and Al-doped fibers. The change in dispersion due to straining is slightly higher for the Ge-doped HNLF (0.28 ps/(nm·km)) than for the Al-doped HNLF (0.23 ps/(nm·km)). However, due to the lower dispersion slope of the Al-doped HNLF, the change in its ZDW is larger than for the Ge-doped HNLF. Note that the PMD is observed to increase significantly due to the straining. This is attributed to stress induced birefringence that arises due to the pressure that the fiber experiences at the core of the spool. This effect could be diminished by using a larger spool size. A larger improvement in SBS threshold is obtained for the Ge-doped HNLF (6.5 dB) as compared to the Al-doped HNLF (4.0 dB) for the same straining level due to the smaller spectral width of the SBS spectrum for the Gedoped HNLF.
Finally, it is noted that compared to the Al-doped HNLF the Ge-doped HNLF has the advantage of a 6.7 dB larger SBS threshold, and due to lower non-linear coefficient, a 4.8 dB larger FOM. The Al-doped HNLF however currently has the disadvantage of a higher attenuation coefficient.
III. CONCLUSION
Spooling of HNLF with a linear strain gradient is shown to be an efficient method to increase the SBS threshold. Compared to applying a temperature gradient, which typical gives a SBS shift of 0.5 MHz/°C [7] , a temperature gradient of 380°C would be necessary to get the same SBS suppression as a tension gradient from 1000 to 0 g. Also spooling the fiber with a strain gradient is much easier to implement in practice than a permanent temperature gradient. However, straining has the draw back of imparting a dispersion change, increased PMD, and could lead to long term reliability issues due to the high permanent strain.
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